The occurrence and diversity of nematode destroying fungi in banana based farming systems was investigated in Maragua, Kenya. The ultimate aim of the study is to harness the potential of these beneficial fungi in the control of plant parasitic nematodes, one of the most important banana pests in the region. The study area was stratified into three agro-ecological zones; high, middle and lower from which soil samples were collected. The soil sprinkle method was used to isolate the nematode destroying fungi from the soil. Fifty eight isolates from five genera and six taxa were identified to species level. The species identified were; Arthrobotrys oligospora, A. dactyloides, Monacrosporium cionopagum, Meria coniospora, Dactyllela lobata and Harposporium aungullilae. The results also indicated that, the occurrence of nematode destroying fungi was significantly (2.2 x 10 -16 ) different among the production zones with the frequency of detection decreasing with altitude. The mean frequency of nematode destroying fungi occurrence was 2.8 in the lower zone, while 1.8 and 1.2 was recorded in middle and high zones, respectively. The Shannon diversity index also indicated that, the low ecological zone was the most diverse followed by the middle and the least being the high zone. Monacrosporiun cionopagum was the most frequently isolated of the nematode destroying fungi in the study area with an accumulative frequency of 37.9%. It can be concluded that, soils in the banana production zones are rich in nematode destroying fungi and M. cionopagum is being the most wide spread species.
Introduction
Most Kenyan families produce bananas as a staple food crop throughout the year. The area under production has increased significantly from 43,000 hectares in 1996 to 82,000 hectares in 2006. The proportion of land under banana cultivation in Kenya is estimated at 1.7% of the total arable land, producing an average yield of 14 tons per hectare. The orchards grown using tissue culture plantlets has resulted in an additional income of Sh5.5 billion to the banana farmers over the last 10 years (Mwangi & Muthoni, 2008) . Like in parts of the country, the production of bananas in Maragua is under subsistence farming. The many forms of subsistence and traditional agriculture represent the accumulated experiences of farmers who normally lack access to external inputs, capital, or external scientific knowledge (Bridge, 1996) . In 2011, the government earned 23 billion shillings from bananas sold locally, while flowers brought in revenue of 40 billion shillings. Compared with other fruits, bananas are the number one income earner, only second to flowers.
Although banana cultivation plays a significant role in the provision of food security, a progressive decline in yield has been reported worldwide. Likewise, although banana in Kenya provides much-needed household income for small-scale farming families, its potential is yet to be fully tapped. Several causes for the decline have been suggested including; pests, diseases, poor farmer management practices and decline in soil fertility (Waele & Elsen, 2007) . Among the major pests of bananas, plant-parasitic nematodes are very important. Plant-parasitic nematodes are tiny worms that live mainly in soil and roots. In the case of banana plants, the most damaging species spend most of their life cycle in root and corm tissues. Their proliferation disrupts nutrient and water uptake, delay growth and cause banana plants to topple over (Riséde et al., 2010) .
Plant-parasitic nematodes cause extensive damage and substantial yield losses in banana like any other crop (De Waele & Elsen, 2007) . Studies have demonstrated a general lack of awareness of plant-parasitic nematodes by farmers (Talwana et al., 2005) . Apart from the direct losses through toppling of affected plants, root damage by nematodes results in slow sucker formation, delayed fruiting, smaller fruit and reduced bunch weight, and a shortened plant life. The nematode problem is even more compounded in vegetable farms which are sometimes intercropped with bananas (Siddiqi, 2000; Kaskavalci, 2007; Ouma, 2009) . The control of plant parasitic nematodes becomes therefore very important if the country is to realize the full potential of the banana crop. For decades, the control of plant-parasitic nematodes in agricultural fields has mainly depended on chemical nematicides (Akhtar & Malik, 2000) . This is because the nematicides are efficient and fast-acting (Ooi, 2005) . On the other hand, application of nematicides has various concerns. For farmers, the most serious drawbacks are the acquisition of pest resistance to the chemicals, secondary pest outbreaks, and health hazards associated with the application of chemicals. For consumers, the main problems are pesticide residues in food and environmental degradation (Ooi, 2005) . Because of such concerns, there is a great deal of interest in applying non-pesticide control methods (Pinkerton et al., 2000; Ooi, 2005; Mashela et al., 2008) . Among the proposed strategies is the biological control through utilization of natural enemies for plant parasitic nematodes. These are micro fungi that naturally capture, kill and digest nematodes (Rodrigues et al., 2001; Nordbring-Hertz et al., 2002) . They have been proposed as a good candidate for the control of plant parasitic nematodes (Masoomeh et al., 2004; Wachira et al., 2008) . Some groups of fungi have previously been utilized in the management of soil pests (Olubunmi & Rajani, 2004) . The objective of this study is therefore to determine the natural occurrence of nematode destroying fungi indifferent banana production zones with the ultimate aim of utilizing them in the management of plant parasitic nematodes.
Material and Methods
The study area was stratified into three agro ecological zones: high, middle and lower agro ecological zones. The banana varieties grown in the area were; 'Valery', 'Gros Michel' and 'Williams'. The higher altitude zone was characterized by mixed farming, combining livestock and crops such as maize and bananas on the same piece of land. Banana is mainly intercropped with wider range of crops including coffee.
The middle zone was characterized by banana, maize and beans intercrop, while banana was grown as a mono-crop in the lower zone. The most commonly grown banana varieties are; 'Giant cavedish Williams', 'Grande Nine', 'Gros Michel', and other local varieties such as: 'Muraru', and 'Uganda green'. There was a high application of organic manure and specifically cow manure since most of the farmers practiced mixed farming in the lower zone.
Soil samples were taken from ten randomly selected farms in each zone. Each of the farms had a banana orchard which was not less than four years old. From each banana orchard, eight soil samples were collected from at least five meters apart and spreading to at least an area of 50 square meters. The eight soil samples were then mixed together to form a composite sample from which a 500 g sub samples were taken. The soil samples were placed in a cool box and transported to the laboratory for analysis. The soil sprinkle technique described by Jaffee et al. (1996) was used to isolate NF from the soil. Tap water agar was prepared by dissolving 20 grams of agar in one liter of tap water. The medium was autoclaved and cooled to 45° C before amending it with 0.1 g/L of streptomycin sulfate to suppress bacterial growth. Approximately one gram of soil from each sampling point was sprinkled onto the surface of water agar in Petri dishes. A pure culture of plant parasitic nematodes (about 500 Meloidogyne juveniles) was added into the Petri dish as baits. The plates were incubated at room temperature and observed daily under a microscope at low magnification, from the 3 rd up to the 6 th week. The examinations were focused on trapped nematodes, trapping organs and conidia of the nematode destroying fungi that grew from the soil. After the sixth week, all the fungal colonies that had emerged were sub-cultured on potato dextrose agar (PDA) to obtain pure cultures. Identification was carried as according to the key described by Cook and Godfrey (1964) . The mean occurrence, diversity and frequency of isolation of nematode destroying fungi from each agro ecological zone was compared using frequency of occurrence, evenness, Renyi profiles and the Shannon diversity index (Kindt & Coe, 2005) .
Results
Fifty eight isolates of nematode destroying fungi, distributed in five genera and six taxa were identified in this study (Table 1 ). The species identified were, Arthrobotrys oligospora (Fresen), A. dactyloides (Drechsler), Monacropsporium cionopagum (Subramanian), Meria coniospora (Drechsler), Dactyllela lobata (Duddington) and Harposporium aungullilae (Lohde). The results also indicated that, the occurrence of nematode destroying fungi was significantly (P = 2.2 x 10 Vol. 5, No. 12; 2013 decreasing with altitude. The lower zone had a mean occurrence of nematode destroying fungi of 2.8, with 1.8 and 1.2 being recorded in middle and high zones, respectively (Figure 1 ). The lower zone represented 48.3% of the total nematode destroying fungi. Out of all the isolates obtained, 48.3% were from the lower zone. Monacrosporium cionopagum was the most frequently isolated species of nematode destroying fungi with a frequency of 37.9, while Harposporium aungulliale was the least encountered with a frequency of 1.7 (Table 1 ).
All the nematode destroying fungi were significantly affected by the ecological zone (Table 2) . Vol. 5, No. 12; 2013 Monacropsporium cionopagum was the most frequently encountered species with a frequency of 37.9%. It was not clear why this was the dominant species.
The lower zone had high diversity and population of nematode destroying fungi. This could be explained by the management practices of this zone where there was a heavy application of organic manure on the farms. Organic amendments are known to stimulate the frequency and diversity of soil biodiversity. It is thought that, the organic amendments increase the biological activity of the soil thereby stimulating the beneficial soil microorganism including the nematode destroying fungi (Wachira et al., 2009 ). This on the other hand, is thought to decrease the population of plant parasitic nematodes in the soil. This is supported by the findings of Timm et al. (2001) who suggested that, the increase in nematode-trapping fungi after addition of organic amendment is due to available carbon and energy from the organic amendment and nitrogen from consumed nematodes. In a related study, Jaffee (2006) also showed that, organic amendments enhanced build-up of nematode-trapping fungi, Dactylellina candidum (Nees) and are thought to be influenced differently depending on their feeding mechanism (parasitic or saprophytic).
From this study, intercropping bananas with other crops was seen to affect the occurrence and diversity of nematode destroying fungi. This was observed in the higher zone where the least number (12) of nematode destroying fungi was recorded. The zone was characterized with intercrop of bananas with other crops, especially maize, beans and coffee. In a related study, banana intercropping was reported to have an effect on soil biodiversity. When it was intercropped with sweet potatoes, the incidence of the root lesion nematode (Pratylenctius goodey) was reduced in heavily infected banana plants around Lake Victoria (Ouma, 2009) . In this study, this observation could be attributed to the effect of chemical fertilizers applied to the intercrops. Chemical fertilizers have been reported to affect soil biodiversity and specifically reduce the chances of isolating nematode destroying fungi (Duponnois et al., 2001 ). Intercropping could reduce management inputs and result in sustainable systems that more effectively use and even potentially replenish natural resources used during crop production for long term management of farmland. Unfortunately, in intercropping, there is a competition between the plants for light, water and soil nutrients leading to reduced yield. This competition can also lead to pest and diseases susceptibility. Therefore agricultural practices that use high amounts of external-inputs, such as inorganic fertilizers, pesticides, and other amendments can overcome specific soil constraints to crop production. However, especially in the most intensively managed systems, this has resulted in continuous environmental degradation, particularly of soil, vegetation and water resources and decline of soil organic matter levels (Singh, 2000) . Concerning mineral fertilizer application, it has been observed that, high inputs tend to lead to lower biodiversity.
The middle zone was the transitional zone, between the cold and warm weather conditions. It was characterized with well managed banana crop with less intercropping compared to the higher zone. There was limited application of chemical fertilizers' compared to the higher zone since many farmers opted for banana monoculture. Application of organic amendments especially the cow manure was higher in this zone compared to the higher zones.
In conclusion, it has been established that, the diversity and occurrence of nematode destroying fungi is significantly influenced by the agro ecological zone in which bananas are grown. This is could be a result from management practices adopted by growers as the environmental factors. More work is needed to elucidate the potential of the fungi in nematode management. 
